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(54) Nonvolatile semiconductor memory device having a program area 



(57) Aflash EEPROM Includes a an array of nonvol- 
atile memory cells (M10 to Ml 7) each having a cell tran- 
sistor (Tr4} of a double gate structure and a program 
area (Pt) fbr the floating gate (FQ) of the cell transistor 
(TR4). The flash EEPROM is subjected to program- 
ming, flash erasing and read nrKxJe, each of a t)yte by 
byte nrxxle. The flash EEPROM includes first through 



third selection transistors (Tri , Tf2, Tr3), for disconnect- 
ing the source, drain and control gate (CQ) of the 
selected cell transistor (Tr4) from those of the unse- 
lected cell transistors (Tr4) in a byte for suppressing a 
disturbance between cell transistors (Tr4). 



FIG. 9 
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Description 

BACKGROUND OF THE INVENTION 

(a) Reld of the Invention 

[0001] The present invention relates to a nonvolatile 
semiconductor memory device, such as a flash EEP- 
ROM., and more particularly, to a nonvolatile semicon- 
ductor memory device having a program area in each 
memory cell. 

(b) Description of the Related Art 

[0002] A flash EEPROM is known in the art having a 
memory , cell array including a plurality of nonvolatile 
memory cells an-anged in a matrix and each having a 
dout>Ie layer gate structure. Referring to Fig. 1 showing 
a schematic sectional view of a memory cell in a con- 
ventional EEPROM. the memory cell includes a floating 
gate FG formed on a semioorKluctor substrate having 
source and drain regions "S* and "D", with an interven- 
tion of a gate oxide film not shown, and a control elec- 
trode CO formed on the floating electrode FG with an 
intervention of another oxide f Rm not shown. 
[0003] In programming of the memory cell in Fig. 1 . tor 
example, electrons are withdrawn from the floating gate 
FG t^y applying a programming voltage between the 
control gate CG and the drain, whereas in erasing of the 
memory cell, electron is injected into the floating gate 
FG by applying an erasing voltage between the control 
gate CQ and the drain. There are some proposals for 
the scheme for programming and erasing a plurality of 
nonvolatile memory cells by a single step. 
[0004] Referring to Fig. 2. a fvst proposal of EEP- 
ROMs called FLOTOX (floating gate tunnel oxide) is 
such that a plurality of word lines WL and a correspond- 
ing number of source lines SL are provided in combina- 
tion for respective rows of the memory cells, whereas a 
gate line GL and eight bit lines BL are provided in com- 
bination for each eight columns of memory cells, such 
as memory cells M40 to M47. For simplicity, only one 
byte of memory cells which have a similar configuration 
are shown in the drawing. 

[0005] The EEPROM has a byte selection transistor 
Tr14 for each byte, or memory cells M40 to M47. and 
each memory cell has therein a cell selection transistor 
Tr13 and a cell transista Tr15 having a FLOTOX struc- 
ture for storage of data. Each of transistors Tr13. Tr14 
and TrlS is implemented by an n-channel transistor. 
[0006] The cell selection transistor Tr1 3 of each mem- 
ory cell has a gate connected to a word line WL. and a 
source-drain patii connected between the bit line BL 
and the drain of the cell transistor Tr15. Tlie byte selec- 
tion transistor Tr14 has a gate connected to the word 
line WL, and a source-drain path connected between 
the gate line GL and the control gate of the cell transis- 
tor Tr15. The cell transistor Tr 15 has a source con- 



nected to the common source line SL disposed for each 
byte of the cell transistors M40 to M47. The cell transis- 
tor Tr1 5 has a thin gate oxide film disposed between the 
ffoating gate FQ and the semiconductor substrate for 

5 enabling programming and erasing fciy a tunnel effect of 
electrons fronVinto the floating gate. 
[0007] Figs. 3 to 5 show three different modes of eight 
memory cells M40 to M47 of the EEPROM shown in 
Rg. 2, including a programming mode, a flash erasing 

10 nruxJe and a read mode. Fig. 6 shows applied voltages 
tn each mode of Rgs 3 to 5. which is effected in an ordi- 
nary manner in the EEPROM. i.e., a byte by byte man- 
ner. 

[P008] In the programming mode, as shown in Rgs. 3 

75 and 6. specified bit lines, among bit lines BL1 to BL8. 
corresponding to selected memory cells which are to be 
programmed (programmed with "0") are biased at Vpp 
(15 volts, for example), while the specified word line 
WL1 is biased at Vpp to turn on tiie selection transistors 

20 Tr13 and Tr14, the specified source line SL1 is open or 
f foated. and the gate line GL is biased at zero volt As a 
result, tiie electrons stored on tiie floating gates FQ are 
withdrawn to thereby program the selected memory 
cells with "O*. For memory cells to be erased (or pro- 

25 grammed with "1 ") and memory ceDs not selected at tiiis 
time, the corresponding bit lines among bit lines BL1 to 
BL8 are biased at zero volt, whereby these memory 
cells are erased or remains in the previous state. At this 
stage, word lines conesponding to the unselected 

30 memory cells are biased at zero volt 

[0009] In the flash erasing mode, as shown in Rgs. 4 
and 6. the bit lines BL1 to BL8 are biased at 1 volt while 
the specified word line WL1 is biased at Vpp to turn on 
tiie selection transistors Tr13 and Tr14. tiie source line 

35 SL1 is floated, and tiie gate line are biased at Vpp. As a 
result electrons are injected into the floating gates of 
selected memory cells for flash erasing. In this stage, 
tiie gate lines and word lines for unselected memory cell 
groips are biased at zero volt. 

40 [0010] In the read mode, as shown in Rgs. 5 and 6, 
specified bit lines corresponding to the selected mem- 
ory cells among bit lines BL1 to BL8 are biased at 1 volt, 
while the specified word line WL1 is biased at Vdd to 
turn on selection transistors Tr13 and Tr14, and spect- 

45 fled source line SL1 and gate line GL are biased at zero 
volt As a result the electrons on the floating gates of 
selected menwry cells can be detected tiirough the bit 
Gnes BL1 to BL8 for judging a programmed state or an 
erased state for each of tiie selected memory cells. At 

50 this stage, bit lines corresponding to unselected mem- 
ory cells are floated, whereas tiie gate lines con-e- 
sponding to the unselected memory cells may be at 
zero volt or may be about 1 to 2 volts. 
[0011] In ttie first proposal, there is a disturt)ance 

55 between the source and the floating gate because the 
source of tiie cell transistor Tr15 is directiy connected to 
tiie common source line disposed for the memory cells 
M40 to M4;MfKthe programming mode wherein elec- 
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trons are withdrawn from the floating gate by applying a 
progranvning voltage to the drain of the cell transistor 
Tr15, the cell transistor Tr 15 assumes a depletion state 
wherein the threshold voltage of the cell transistor Tr15 
is below zero volt. This causes a potential rise of the 
source of the cell transistor Tr15 up to |Vtm|, which 
enters to the sources of other cell transistors of unse- 
lected memory cells via the source line SL As a result 
the disturbance is caused wherein the electrons stored 
in the floating gates FG of the other cell transistors are 
withdrawn by the positive voltage |Vtm| of the sources to 
lose the stored data in the unselected memory cells. 
[001 2] A second proposal, which is described in Pat- 
ent Publication JP-A-7-288291 , is such that the memory 
cell has a single layer gate structure. The proposed 
EEPROM uses a Fowdler-Nordheim tunnel effect simi- 
larly to the first proposal, for injectingAMthdrawing elec- 
trons between the floating gate and the drain. Referring 
to Rg. 7, the proposed EEPROM has a plurality of word 
lines WL and a corresponding number of program lines 
PL disposed in combination for respective rows of mem- 
ory cells, such as memory cells M30 to M37, and a 
selecting circuit for selecting memory cells specified by 
address signals among the memory cells. Eight bit fines 
BL and a drain-gate line DQL, which functions as a 
common bit line for a byte of memory cells, are provided 
for each byte including eight memory cells M30 to M37. 
[001 3] Each of menK)ry ceils M30 to M37 has a selec- 
tion trar^istor Tr11 and a cell transistor Tr12, both of 
which are n-channel MOSFETs. 
[0014] The selection transistor Tr1 1 has a gate con- 
nected to a corresponding word line WL, and a source- 
drain path connected between a corresponding bit line 
BL and the source of the cell transistor Tr12. The cell 
transistor Tr12 has a drain and a control gate CQ both 
connected to the drain-gate line 34. A part of the floating 
gate FG extending from the cell transistor tr12 forms a 
capadtive coupling between the same and a diffused 
region called a program area R. 
[001 5] Rg. 8 shows applied voltages in each mode of 
the EEPROM of Rg. 7, wherein programming, flash 
erasing and read modes are effected byte by byte. In the 
programming mode, the bit line BL for selected memory 
cells are floated, while the word line WL is biased at 
zero volt to turn off the selection transistor Tri 1 , the pro- 
gram line PL Is biased at Vpp (15 voHs, for example), 
and the drain-gate line DGL is biased at zero volt As a 
result stored charge is withdrawn from the program 
area Pt wheret^ the selected memory cells are pro- 
grammed. At this stage, unselected WBWory cells 
remains in the previous state by biasing the correspond- 
ing drain-gate line DGL at Vpp/2. 
[0016] In the flash erasing mode, all the bit lines BL 
are floated while the specified word line WL is biased at 
zero volt to tum off the selection transistor Tri 1 , the pro- 
gram line PL is biased at zero volt, and the drain-gate 
line DGL is biased at Vpp. As a result, electrons are 
irj ected into each program area Pt for flash erasing. 



[0017] In the read mode, the specified bit lines BL cor- 
respondBng to the selected memory cells are biased at 1 
volt wNle the specified word line WL is biased at Vdd (5 
volts, for example) to turn on the selection transistor Tri . 
5 and the program line PL and tiie drain-gate line DGL are 
biased at zero volt As a result, the electrons stored in 
the program area R are detected through the bit lines 
BL for judging the cell data. 

[0018] In the second proposal, the drain of tiie cell 
10 transistor Tri 2 and the program area R are driven by 
the drain-gate line DGL and the program line PL. which 
function as common bit Ones. TTius, in the program- 
ming/erasing of selected cell transistors Tri 2, there is a 
possibility that tiie drains and the program areas R of 
IS cell transistors of unselected memory cells may be also 
driven by the common bit lines to cause a dlsturt^ance 
similarly to the first proposal. 

SUMMARY OF THE INVENTION 

20 

[0019] In view of the above, it is an object of tiie 
present invention to provide a nonvolatile semioonduc- 
tor memory device which is capable of preventing a dis- 
turt)ance between adjacent memory cells. 

25 [0020] The present Invention provides, in a first aspect 
ttiereof. a nonvolatile semiconductor memory device 
comprising: a semiconductor substrate, a memory cell 
anay including a plurality of nonvolatile memory cells 
each including a cell transistor having source and drain 

30 regions on the semiconductor substrate, and a floating 
gate and a control gate each disposed in association 
with the source and drain regions, and a program area 
fbrnied on a portion of tiie semiconductor substrate 
underlying a part of the floating gate; a plurality of word 

35 lines each disposed for a corresponding row of the non- 
volatile memory cells; a plurality of bit lines each dis- 
posed for a con'esponding column of the nonvolatile 
memory cells; a first selection transistor disposed for 
each group of the cell transistors for responding to 

40 selection of a con'esponding one of the word lines to 
apply a first feed voltage to the drains and the control 
gates of a conresponding group of tiie cell transistors; a 
second selection transistor for responding to the selec- 
tion of the con-esponding one of tiie word lines to apply 

45 a second fixed voltage to tiie program area; and a third 
selection transistor disposed for each the cell transistor 
for responding to the selection of the con-esponding one 
of the word lines to apply the first fixed voltage to the 
source of tiie cell transistor. 

so [0021] The present invention also provides, in a sec- 
ond aspect tiiereof, a nonvolatile semiconductor mem- 
ory device comprising: a semiconductor substrate, a 
memory cell array including a plurality of nonvolatile 
memory cells each including a cell transistor having 

55 source arxJ drain regions on the semiconductor sub- 
strate, and a floating gate and a control gate each dis- 
posed in association with the source and drain regions, 
and a program area formed on a portion of the semicon- 
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ductor substrate underlying a part of the floating gate; a 
plurality of word Hnes each disposed for a correspond- 
ing row of the nonvolatile memory cells; a plurality of bit 
lines each disposed tor a corresponding column of the 
nonvolatile memory cells; a first selection transistor dis- 5 
posed for each group of the cell transistors for respond- 
ing to selection of a corresponding one of the word lines 
to apply a first fixed voltage to the drains of a conre- 
spending group of the cell transistors; a second selec- 
tion transistor disposed Ibr the each group of the cell 10 
transistors for responding to the selection of the corre- 
sponding one of the word lines to apply a second fixed 
voltage to the control gates of the group of the cell tran- 
sistors, a third selection transistor disposed for each the 
celt transistor fbr responding to the selection of a corre- 75 
sponding one of the word lines to apply a third fixed volt- 
age to the program area, and a fourth selection 
transistor disposed for the corresponding one of the cell 
transistor to apply the second voltage to the source of 
the ceil transistor. 20 
[0022] In accordance with the nonvolatile semicon- 
ductor memory device of the present Invention, the first 
tfvough third selection transistors or first through fourth 
selection transistors function for separation of the 
source-drain path and the control gate of the cell tran- 2s 
sistor in the selected memory cell from those of the cell 
transistors in other unselected memory celts in each 
group of memory cells, whereby disturbance between 
memory cells can be suppressed. 
[0023] The above and other objects, features and 30 
advantages of the present invention will be more appar- 
ent from the following description, referring to the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 35 
[0024] 

Rg. 1 is a sectional view of a rnemory ceil in a typi- 
cal flash EEPROM having a double l£^er gate 40 
structure; 

Fig. 2 is a schematic circuit diagram of a conven- 
tional flash EEPROM; 

Rgs. 3 to 5 are schematic drcuit diagrams of the 
flash EEPROM of Rg. 2 during programming, flash 45 
erasing and read nxxies, respectively; 
Rg. 6 Is a table of applied voltages in the flash EEP- 
ROM of Rg. 2 during respective modes: 
Rg. 7 is a schematic circuit diagram of another con- 
ventional flash EEPROM having a single layer gate so 
structure; 

Rg. 8 is a table for applied voltages in the flash 
EEPROM of Fig. 7 during respective modes; 
Rg. 9 is a schematic circuit diagram of a flash EEP- 
ROM according to a first embodiment of the present ss 
invention; 

Rg. 10 is a top plan view of the flash EEPROM of 
Rg. 9; 



Rg. 11 is a schematic sectional view of the flash 
EEPROM of Rg. 9; 

Rg. 12 is a table for applied voltages in the flash 
EEPROM of Rg. 9 during programming, erasing 
and read modes thereof; 

Rg. 13 is a schematic circuit diagrarii of a flash 
EEPROM according to a second enrtbodiment of 
the present inventfon; 

Rg. 14 is a schematic sectional view of the flash 
EEPROM of Rg. 13; 

Rgs. 1 5 to 1 7 are schematic drcuit diagrams of the 
flash EEPROM of Rg. 13. during programming, 
erasing and read modes, respectively; and 
Rg. 18 is a table for applied voltages in the flash 
EEPROM of Rg. 13 during respective modes. 

PREFERRED EMBODIMENTS OF THE INVENTION 

[0025] Now. the present invention is more specifically 
described with reference to accoiYpairying drawings, 
wherein similar constituent elements are designated by 
similar reference numerals. 

[Q026] Refenring to Rg. 9, a flash EEPROM according 
to a first embodiment of the present embodiment 
includes a memory cell anay including a plurality of non- 
volatile memory cells an^anged in a matrix, wherein only 
one byte of the memory cell group including memory 
cells M10 to Ml 7 is shown in the figure for simplicity. 
The flash EEPROM further includes a word line WL dis- 
posed fbr each row of the memory cells, a drain-gate 
line DGL disposed for each eight columns of the mem- 
ory cells, such as including the column corresponding to 
each of memory cells M10 to Ml 7, and a bit line BL and 
a program line PL disposed In combination Ibr each col- 
umn of the memory cells so as to couple selected mem- 
ory cells to a selection circuit not shown. The selection 
circuit selects memory cells specified by address sig- 
nals among all the memory cells in the memory cell 
anay. 

[0027] The EEPROM includes a cell transistor Tr4 in 
each memory cell having source "S". drain "D", floating 
gate "EG" and control gate "CG". a first selection tran- 
sistor (drain-gate selection transistor) Tri for selecting 
gates and drains of the cell transistors Tr4 in each byte 
of memory cells M10-M17 In each row. a second selec- 
tion transistor (program area selection transistor) Tr2 
disposed in each memory ceO fbr selecting a con-e- 
sponding program area Pt and a third selection transis- 
tor (source selection transistor) Tr3 disposed in each 
memory cell for selecting the source of a corresponding 
cell transistor Tr4. These transistors Tri to Tr4 are 
nMOSFETs. 

[0028] The gates G1-G3 of the first through third 
selection transistors Tri , Tr2 and Tr3 are connected to a 
coresponding word line WL The first selection transis- 
tor Tri has a source<lrain path connected between the 
drain-gate line DGL and a common coupling line DGL1 
which is connected to the control gates and the drains of 
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the cell transistors Tr4 in each byte of memory cells, 
such as memory cells M10 to M17. The second selec- 
tion transistor Tr2 has a sow^ce-drain path connected 
between the program line PL and the program area Pt 
The third selection transistor Tr3 has a source-drain 
path connected between the bit line BL and the source 
of the cell transistor Tr4. The drain of the cell transistor 
Tr4 is connected to the common coupling line DGL1 . 
and a portion of the floating gate FQ of the cell transistor 
Tr4 opposes an extended part of the diffused region of 
the second selection transistor Tr2 to define the pro* 
gram area Pi 

[0029] Referring to Fig. 1 0 showing a top plan view for 
the part of the flash EEPROM shown in Fig. 9, the word 
line WL extending in the row direction is made from a 
first aluminum layer. The drain-gate line DGL, the pro- 
gram line PL ani the bit line BL extending in the column 
direction in spaced relationship therewith are made 
from a second aluminum layer. Ttie common coupling 
line DGL1 extending in the row direction is also made 
from the first aluminum layer in spaced relationship with 
the word line VVL 

[0030] On the surface of the semioonducbr substrate, 
a diffused area 11 including sourceAdrain regions 
extends in the row direction for coupling the drain-gate 
line CX3L and the program line PL The first selection 
transistor Tri has a gate G1 made from a second layer 
polysilicon film overlying the central area of the diffused 
area 11. The gate G1 extends from the first selection 
transistor Tri and is connected to the word line WL via 
through-hole. 

[0031] On the surface region of the semiconductor 
substrate, diffused areas 12 aiid 13 underlying the word 
line WL extend in the column direction. The second 
selection transistor Tr2 has a gate 02 overlying a first 
part of the diffused area 12, whereas the third selection 
transistor Tr3 has a gate 03 overlying a first part of the 
diffused area 13. The gates 02 and 03 are made from 
a common polysilicon film and connected together. The 
dout}le gate structure including the floating gate FO and 
the control gate CO extend above second parts of the 
diffused areas 12 and 13 in the vicinity of the common 
coupling line DOLI. The cell transistor Tr4 is imple- 
mented by the second part of the diffused area 13 and 
a wide end portion FOa of the floating gate FG. The pro- 
gram area Pt is linplemented by the second part of ttie 
diffused area 12 and the narrow end portion FOb of the 
floating gate FG. 

[0032] Rg 1 1 schematically shows the circuit anange- 
ment implemented by the structure of Rg. 10. The con- 
trol gate CO overlies the wide end portion FOa. which in 
turn overlies the source region SI and the drain region 
D1 of ttie semiconductor substrate for implementing tiie 
cell transistor Tr4. The gate 02 overlies ttie source 
region S2 and the drain region D2 of tiie semiconductor 
substrate for implementing ttie second selection transis- 
tor Tr2. The narrow end portion FOb of ttie floating gate 
also overlies tiie source region S2 of the second selec- 



tion transistor Tr2 for implementing the program area Pt 
It is shown ttiat the drain region D1 and ttie control gate 
CO of ttie cell transistor Tr4 are connected to ttie drain- 
gate line DOL whereas the drain region D2 of ttie sec- 
5 ond selection transistor Tr2 is connected to the program 
line PL 

[0033] Rg. 12 shows applied voltages during each 
mode of ttie EEPROM of Rg. 9. Each of the program- 
ming, flash erasing and read modes is effected byte by. 

10 byte. In ttie programming mode, ttie specified word line 
WL is biased at Vpp (15 voKs, fbr example) to turn on 
ttie first ttirough third selection transistors Tri, Tr2 and 
Tr3. At this stage, the drain-gate line OGL and the spec- 
ified bit lines BL corresponding to ttie selected memory 

IS cells are biased at zero volt whereas ttie specified pro- 
gram lines PL corresponding to the selected memory 
cells are biased at Vpp. Thus, tiie stored electrons are 
withdrawn from the floating gate FO in the selected 
memory ceils for programming. In ttie unselected mem- 

20 ory cells, the program line PL is biased at zero volt for 
maintaining ttie previous state. 
[p034] In ttie flash erasing mode, ttie specified word 
fine WL is biased at Vpp to tiim on ttie first through ttiird 
selection transistors Tri. Tr2 and Tr3. At ttiis stage, ttie 

25 drain-gate line DOL and all ttie bit lines BL in ttie byte 
are biased at Vpp whereas all the program lines PL are 
biased at zero volL Thus, electrons are injected into the 
program area for flash erasing. 
[0035] In the read mode, ttie specified word line WL is 

30 biased at Vdd (5 volts, for example), the drain-gate line 
DOL and tiie specified bit lines BL corresponding to ttie 
selected memory cells are biased at zero volt., and ttie 
specified program line PL corresponding to the selected 
memory cells are biased at 1 voU Thus, the electrons In 

35 ttie program area R are detected for readout of ttie 
stored data in the selected memory ceDs. 
[0036] As described above, in the EEPROM of ttie 
present embodiment, the first through third selection 
transistors Tri to Tr3 function for disconnecting ttie 

40 source, drain and the control gate of the cell transistor 
Tr4 from the program line PL and the drain-gate line 
DGL which function as common bit lines in the byte of 
columns. In these configurations, by biasing the drain of 
tiie cell transistor Tr4 at zero volt and biasing the floating 

45 gate also at zero voK by a capadtive coupling in the pro- 
gramming mode, ttie electrons stored in ttie program 
area R can k>e withdrawn through ttie program line PL 
By biasing ttie drain of ttie cell transistor Tr4 at Vpp and 
biasing ttie floating gate ttiereof at Vpp by a capadtive 

so coupling in an erasing mode, electrons can be injected 
Into ttie program area PI Thus, since ttie program areas 
for ttie unselected memory cells are not applied with a 
bias voltage, which Is equivalent to fixing ttie drain volt- 
age of the selection transistor Tri 4 in ttie conventional 

55 EEPROM of Rg. 2, ttie disturbance can be suppressed 
between ttie memory cells caused by break-in of the 
potential of the ottier memory cells in eittier the pro- 
gamming mode or the erasing moda 
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[0037] Referring to Rg. 13, a flash EEPROM accord- 
ing to a second embodiment of the present invention Is 
similar to the first embodiment except that the flash 
EEPROM of the present emkxxfiment has a drain line 
DL and a drain selection transistor Tria outside each 
memory cell separately from a gate line GL and a gate 
selection transistor Tr1b. respectively. 
[0038] The gate G1 a of the drain selection transistor 
Tria, the gate Gib of the gate selection transistor Gla, 
the gate G2 of the program area selection transistor Tr2 
and the gate G3 of the source selection transistor Tr3 
are connected to a corresponding word line 41. The 
drain selection transistor Tria has a source-drain path 
connected between the drain line DL and the drain cou- 
pling line DL1. which is connected to the drains of the 
memory cells M20 to M27 in the byte. The gate selec- 
tion transistor Trib has a source-drain path connected 
between the gate line GL and the gate coupling line 
GL1, which is connected to the gates of the memory 
cells M20 to M27 in the byte. 

[0039] Refenring to Fig. 14 showing the flash EEP- 
ROM of Rg. 1 3 similariy to Fig. 1 1 , tiie control gate CG 
of the cell transistor Tr4 Is connected to the gate line GL 
whereas the drain D1 of the cell transistor Tr4 is con- 
nected to the drain fine DL. Other configurations are 
similar to those shown In Fig. 1 1 . 
[0040] Figs. 15 to 17 show circuit diagrams in pro- 
gramming, erasing and read nrxxles, respectively, in the 
EEPROM of Rg. 13, wherein two of the rows of the 
memory ceils and two of tiie columns of the memory 
cells are shown in ttie respective figures. In each byte of 
tiie memory cells, the gate selection transistor Tria has 
a gate Gla connected to a corresponding word line 
WL1 or WL2, and a source-drain path connected 
between tiie gate line GL and tiie control gates CG of 
tiie cell transistors Tr4 in ttie byte. The drain selection 
transistor Trib has a gate Gib connected to a corre- 
sponding word line WL1 or WL2. and a source-drain 
patti connected to the drain line DL and tiie drains of the 
cell transistors Tr14 in ttie byte. The program area 
selection transistor Tr2 in each memory ceil has a gate 
G2 connected to a con-esponding word line WL1 or 
WL2, and a source-drain path connected between a 
con'esponding program line PL1, PL2,... or PL8 and a 
corresponding program area FX. The source selection 
transistor Tr3 in each memory cell has a gate G3 con- 
nected to a corresponding word line WL1 or WL2, and a 
sourcoKirain path connected between a conresponding 
bit line BL1. BL2, ... or BL8 and ttie source of tiie ceU 
transistor Tr4. The floating gate FG of ttie cefl transistor 
Tr4 extends from the cell transistor Tr4 to oppose an 
extending portion of the source of the program area 
selection transistor Tr2, tiiereby fdnming tiie extending 
portion as a program area Pi 
[0041] Rg. 18 shows applied voltages in each mode 
in tiie EEPROM of Rg. 13, wherein each mode is 
effected byte by byte. In tiie programming mode of Rg. 
1 5. ttie specified word line WL1 is biased at Vpp to turn 



on the selection transistors Tria. Trib, Tr2 and Ti3. At 
ttiis stage, ttie drain line DL and ttie gate Une GL in ttie 
byte and ttie specified bit lines among bit lines BL1, 
BL2. ... and BL7 corresponding to ttie selected memory 

5 ^ cells are biased at zero volt, whereas the specified pro- 
gram lines among program lines PL1, PL2, ...and PL8 
corresponding to the selected memory cells to be pro- 
grammed with "0" are biased at Vpp. Thus, ttie elec- 
trons stored in the con'esponding program areas are 

10 wittidrawn for programming. On tiie otiier hand, otiier 
program lines coresponding to ttie selected memory 
cells to be erased (l.e., programmed witii "1") and to ttie 
unselected memory cells are biased at zero volt, 
whereby ttiese memory cells are erased or remains in 

IS ttie previous state. The word line WL2 con-esponding to 
ttie unselected rows of the memory cells is biased at 
zero volt whereby the selection transistors Tria. Trib. 
Tr2 and Tr3 are turned off to float the conresponding 
lines, as denoted by "X" in tiie figure. 

20 [0042] In tiie flash erasing mode of Rg 1 6. the speci- 
fied word tine WL1 Is biased to turn on tiie selection 
transistors Tr1a. Trib. Tr2 and Tr3. At tiiis stage, ttie 
drain line DL and all ttie bit lines BL1 to Bi8 are biased 
at Vpp' (12 volts, for example), tiie gate line GL is biased 

2S at Vppg and all tiie program lines PLI to PL8 are biased 
at zero volt Thus, electrons are injected into the pro- 
gram areas corresponding to tiie selected memory cells 
tor flash erasing. At ttiis stage, tiie bit lines conrespond- 
ing to the unselected memory cells are biased at zero 

30 volt whereby erasing is not effected in ttie unselected 
memory cells. 

[0043] In ttie read mode of Fig. 1 7. the specified word 
line WL1 is biased at Vdd to turn on tiie selection tran- 
sistors Tria and Tr14. the drain line DL and specified bit 

^ lines conresponding to ttie selected memory cells are 
biased at zero volt ttie gate line GL Is biased at 0.5 
volts, and the specified program One corresponding to 
ttie selected memory cells are biased at 1 volt. Thus, 
ttie cell date is read-out from ttie selected memory cells. 

40 At ttiis stage, tiie word lines WL2 and bit lines con-e- 
sponding to ttie unselected memory cells are biased at 
zero volt. 

[0044] As described akiove in ttie second embodi- 
ment, selection transistors Tria, Trib, Tr2 and Tr3 func- 

45 tion for separation of source, drain and gate of the cell 
transistor Tr4 from ttie program line, drain line DL and 
ttie gate line GL, which constitute common bit lines. By 
ttiese configurations, in the progranfiming mode, ttie 
drain of ttie cell transistor Tr4 is biased at zero volt, and 

so ttie floating gate FG is biased at zero volt by a capadtive 
coupling, whereby electrons are withdrawn from tiie 
program area Pt to ttie corresponding program lina In 
ttie flash erasing mode, ttie drain of ttie cell transistor 
Tr4 is biased at Vpp' and ttie floating gate FG is biased 

55 at Vpp' by a capacitive coupling, whereby electrons are 
injected into ttie program area. 
[0045] In short since ttie voltages for ttie drain and tiie 
control gate of ttie cell transistor are separately control- 
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led from each other, the disturt)ance as caused in the 
Gonverrlional EEPROM is suppressed in the program- 
ming and erasing modes. 

[0046] In addition, since the source-drain voltage and 
the control gate voltage are separately controlled in the 
cell transistor Tr4 by the separate selection transistors 
Tria and Trib, the drain-source voltage Vpp' in the eras- 
ing mode can be lower than the control gate voltage 
Vpp. This affords a lower breakdown voltage in the cell 
transistor Tr4 and the source selection transistor Tf3. 
whereby a reduction in design rule can be obtained due 
to a smaller distance between the drain and the source. 
This affords a reduction in the occupied area of the flash 
EEPROM. 

[0047] Since the above embodiments are described 
only for examples, the present invention is not limited to 
the above embodiments and various modifications or 
alterations can be easily made therefrom by those 
skilled in the art without departing from the scope of the 
present invention. 

Claims 

1. A nonvolatile semiconductor memory device com- 
prising: a semiconductor substrate, a memory ceil 
aaay including a plurality of nonvolatile memory 
cells (Ml 0 to Ml?) each including a cell fransistor 
(Tr4) having source and drain regions on said sem- 
iconductor substrate, and a floating gate (FG) and a 
control gate (CG) each disposed in association with 
said source and drain regions, and a program area 
(Ft) formed on a portion of said semiconductor sub- 
strate underlying a part of said f foating gate (FG); a 
plurality of word tines (WL) each disposed for a cor- 
responding row of sak) nonvolatile memory cells 
(M10 to MIT); a plurality of bit tines (BLJ each dis- 
posed fbr a oonresponding column of sakJ nonvola- 
tile memory cells (M10 to Ml 7), characterized by: 

at least one first selection transistor (Tri) dis- 
posed for each group of said cell franslstors 
(Tr4) for responding to selection of a corre- 
sponding one of saki word lines (WL) to apply 
a first fixed voltage to tiie drains of a corre- 
sponding group of sakI cell transistors (M10 to 
MIT); 

a second seiectton transistor (Tr2) fbr respond- 
ing to tiie selection of the corresponding one of 
sakI word lines (WL) to apply a second fixed 
voltage to saki program area (Pt); and 
a third selection transistor (Tr3) disposed for 
each sakt cell transistor (Tr4) for responding to 
the selection of the corresponding one of said 
word lines (WL) to apply sakI first fixed voltage 
to tiie source of sakI cell transistor (Tr4). 

2. The nonvolatile semiconductor memory de/ice as 
defined in claim 1, wherein sakJ at least one selec- 



tion transistor (TrI) is implemented by a single 
selection transistor, and saM single selection tran- 
sistor (Tr 1 ) applies said first fixed voltage to the con- 
frol gate (CG) of said cell t^nsistor. 

5 

3. TTie nonvolatile semicorxfuctor memory device as 
defined in claim 2, wherein said first fixed voltage is 
supplied from a first common bit line (DGL) pro- 
vkied for each byte column of said memory cells 

10 (M10 to Ml 7), sakI second fixed voltage is supplied 
from a second common bit line (PL) disposed for 
each column of saU memory cells (M10 to MIT). 

4. The nonvolatile semlcorxJuctor memory device as 
IS defined In daim 2, wherein, in a programming 

mode, tiie drain and the control gate (CG) of saM 
cell t^ansistor (Tr4) is biased at a voltage lower ttian 
a bias voltage of the floating gate (FG) in each saki 
memory cell. 

20 

5. The nonvolatile semiconductor memory device as 
deTined In daim 2, wherein, in flash erasing mode, 
the drain and the control gate (CG) of sakl cell tran- 
sistor (Tr4) is biased at a voltage higher than a bias 

25 voltage of tiie floating gate (FG) in each memory 
celL 

6. The nonvolatile semiconductor memory device as 
defined In claim 1, wherein saki at least one first 

30 selection transistor indudes a drain selection tran- 
sistor (Tria) and a gate selection transistor (Tr1b). 
and said gate selection fransistor (Trib) applies a 
third fixed voltage to the control gates (CG) of saki 
group of saU ceH transistors (Tr4). 

35 

7. The nonvolatile semiconductor memory device as 
defined in claim 6. wherein said first fixed voltage is 
supplied from a first common t>it line (DL) disposed 
for each byte column of said memory cells, saki 

40 second fixed voltage is si^Dplied from a second 
common bit line (PL) disposed for each column of 
saki memory cells (M21 to M27), and saki third 
fixed voltage is supplied from a ttiird common bit 
tine (GL) disposed fbr each byte of saki memory 

45 celts (M20 to M27). 

8. The nonvolatile semiconductor memory device as 
defined in daim 6, wherein, in a programming 
mode, ttie drain and the control gate (CG) of sakl 

so cell transistor (Tr4) is biased at a voltage fower than 
a bias vdtage of the ffoating gate (FG)in each saki 
memory celt. 

9. The nonvolatile semiconductor memory device as 
55 defined in claim 6, wherein. In flash erasing mode, 

tiie drain is biased at a voltage higher ttian a bias 
voltage of the control gate (CG) of saki celt transis- 
tor (Tr4), which Is higher than a bias voltage of the 
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floating gate (FG) in each memory cell. 
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